Inspiratory: expiratory ratios were varied during constant volume ventilation of patients undergoing peripheral vascular surgery. There were no significant changes in alveolararterial oxygen tension difference (A-aPOo), arterial oxygen tension (Pa 02 ) or physiological deadspace/tidal volume ratio (VD/VT per cent) during 2\ hours anaesthesia.
The changes in lung function commonly associated with anaesthesia and spontaneous or controlled ventilation are a reduction in lung compliance, an increase in physiological deadspace and an increase in alveolar-arterial oxygen tension difference.
In 1959 Mead and Collier showed that there was a progressive fall in lung compliance in anaesthetized dogs whether ventilation was spontaneous or controlled. They also showed that this trend could be reversed by hyperinflation of the lungs. Ferris and Pollard (1960) reported a similar fall in compliance in conscious individuals. In 1963 Bendixen, Hedley-Whyte and Laver published the results of their studies on anaesthetized patients who were ventilated without periodic deep breaths. They showed that these patients suffered a progressive fall in arterial oxygen tension and total thoracic compliance which could be reversed by hyperinflation of the lungs. Furthermore, in 1964, Askrog and his colleagues claimed that there was a progressive increase in alveolar deadspace in patients who were anaesthetized and ventilated with a Bird ventilator, the increase in deadspace appearing to be most marked in those patients who were ventilated with the largest tidal volumes.
The results of these studies did not agree with our clinical experience nor with a previous study from this department (Sykes, Young and Robinson, 1965) . Consideration of the various experimental protocols suggested that there were two possible reasons for the difference in results. Firstly, both Bendixen, Hedley-Whyte and Laver, and Askrog and his colleagues used a "pressure regulated" ventilator whilst we have usually used a volume preset machine. A second possibility was suggested by the observation of Watson (1962) that physiological deadspace was increased if the duration of inspiration was reduced to 0.5 second. It seemed likely that the maldistribution of gases resulting from the use of a short inspiratory period might well lead to a progressive impairment of lung function as shown by a falling compliance, increased physiological deadspace and increased alveolar-arterial oxygen tension difference. The studies to be described were designed to test the latter hypothesis.
METHOD
Studies were carried out on 14 patients (11 males and 3 females) who were undergoing femoropopliteal bypass operations for occlusive peripheral vascular disease, and who required routine acidbase monitoring. Their ages ranged from 36 to> 66 years (mean 55 years) and their weights from 53 to 78 kg (mean 64.5 kg). Pre-operative medication consisted of droperidol 5-10 mg, papaveretum 10 mg and atropine 0.6 mg 1-1£ hours pre-operatively. Anaesthesia was induced with sodium thiopentone 200-350 mg, and each patient was intubated with a cuffed endotracheal tube after tubocurarine 30-45 mg had taken effect. Maintenance of anaesthesia was with nitrous oxide (70-75 per cent) in oxygen, with incre-mental doses of phenoperidine and tubocurarine as needed. Ventilation was provided throughout by a Barnet Mark 2 ventilator (Rochford, Welch and Winks, 1958) , the spring on the positive pressure bellows being tightened to a maximum. This ensured that the positive pressure bellows emptied with each stroke so that the machine performed as a minute volume divider.
A schematic representation of the circuit used is shown in figure 1 . To separate the true expired gas from the gas compressed in the ventilator tubing a pressure-operated non-rebreathing collect valve (Sykes, 1969) was inserted into the circuit and served to divert expired gases into a 60-1. Douglas bag. This valve had a low deadspace (12 ml) and a low resistance to expiration (0.5 cm H 2 O at 30 l./min flow rate). A Wright respirometer was interposed between the expiratory port of the collect valve and the Douglas bag. This enabled the circuit to be checked for leaks by comparing the expired volume with the Rotameter settings. It also provided a continuous check on the functioning of the collect valve.
Expired gases were collected in a Douglas bag, and prior to each collection the bag was washed out with the patient's expired gases. Gas samples were withdrawn into oiled glass and metal syringes of 100 ml capacity with three-way taps soldered to their nozzles. The gas syringes were washed out with 100-ml quantities of expired gas, the fifth sample being retained for analysis. Gas analyses for expired carbon dioxide and oxygen concentrations were performed immediately on samples from three gas syringes. The expired gas volume was measured by passing the gas slowly from the Douglas bag through a previously cali- brated Nordgas meter.
1 The temperature of the expired gas was recorded and barometric pressure noted.
Arterial blocd was obtained from an indwelling radial artery cannula, samples being withdrawn slowly during the expired gas collection, and analyzed immediately for Pa 02 , Pa C02 and pH. The appropriate temperature corrections were applied (Kelman and Nunn, 1966) .
The Pa 02 was measured on the Radiometer E5046 oxygen electrode 2 and the output read on a Radiometer pH 27 meter. The oxygen electrode was calibrated with "white spot" nitrogen, air and oxygen, and checked daily by tonometered blood samples. A correction factor of 1.04 was applied for the blood-gas difference (Adams and MorganHughes, 1967) . The inspired and expired oxygen concentrations were measured on a Servomex paramagnetic oxygen analyzer, 3 and checked on the oxygen electrode.
Blood and gas carbon dioxide tensions were determined on the Severinghaus electrode 4 connected to an EIL Vibron electrometer.
6 Carbon dioxide-oxygen gas mixtures used for standardizing the carbon dioxide electrode were analyzed on a standard Haldane analyzer calibrated by mercury displacement and checked by the analysis of the total absorbable gas in air. The electrode was repeatedly checked by tonometered blood samples during the studies, the mean error being + 0.044 mm Hg and the 95 per cent confidence limits + 4 per cent of the reading. pH was measured on the Radiometer micro pH electrode equipment, standardized with the 6.840 and 7.416 buffers of the National Bureau of Standards, and checked against a second electrode system during use (Adams, Morgan-Hughes and Sykes, 1967, 1968) .
Calculations.
All calculations were performed on an Elliot 4100 computer, 6 utilizing a programme written in this department (Adams, in preparation Alveolar oxygen tension was calculated from the alveolar air equation (Nunn, 1963) :
where PA 02 = alveolar oxygen tension Pio 2 = inspired oxygen tension Pa 0O2 = arterial carbon dioxide tension PE 02 = expired oxygen tension PE C02 = mixed expired carbon dioxide tension.
EXPERIMENTAL PROCEDURE
After induction of anaesthesia and intubation, the patient was connected to the ventilator. The respiratory rate was set at 20/min, the I: E ratio was 1:2 and the minute volume was derived from the nomogram of Engstrom and Herzog (1959) . A cannula was then inserted into a radial artery and a central venous pressure line inserted through the external jugular vein. Oesophageal temperature, pulse rate and blood pressure were monitored. The inflation pressure as measured at the catheter mount was recorded. After ventilation for 30 minutes with an I: E time of 1:2 seconds, a set of control readings was obtained. The I:E time was then altered, the ratio being determined randomly on the basis of the patient's central registry number: Group 1 were ventilated at an I: E time of 1.5:1.5 seconds and Group 2 with an I: E time of 0.5:2.5 seconds. Measurements were then made at half-hourly intervals for the next 2 hours. At no time were the lungs hyperinflated. Blood loss was estimated by swab weighing and measurement of suction losses. Blood loss never exceeded 1500 ml and was always replaced immediately.
RESULTS
Eleven of the 14 patients studied were ventilated for a period of at least 150 minutes and their results are presented in The results obtained are shown graphically in figures 2-6. It can be seen from figure 2 that the mean Pa 0 o 2 in each group remained constant during anaesthesia. There was no significant difference in A-aPo, and Pa 02 readings between the 30-min and 60-min results (P>0.05 in both groups) and between the 60-min and 150-min results (P>0.05 in both groups).
The A-aPo 2 varied widely between individuals: the measurements are shown graphically in figure  3 . The values are comparable with those found by other workers in anaesthetized patients.
One patient (No. 4, Group 2) was underventilated, as shown by the Pa C o 2 , but showed no significant fall in Pa 02 over 2\ hours. Another patient (No. 6, Group 2) showed a fall in Pa 02 of nearly 30 mm Hg at the final reading. This mea- Left: Group 1, the 30-min reading being at an I: E time of 1:2 sec and all other readings at an I: E time of 1.5:1.5 sec (this applies to all other Group 1 figures).
Right: Group 2, the 30-min reading being at an I: E time of 1:2 sec and all other readings at an I: E time of 0.5:2.5 sec (this applies to all other Group 2 figures).
For abbreviations see text. surement was obtained at the conclusion of the operative procedure, when the patient was lightly anaesthetized and beginning to breathe against the ventilator. (It was not thought justified, at this stage, to give a further dose of tubocurarine.) His VD/VT ratio, measured at the same time, rose.
The
The mean values for VT, VD rh y s , and VD/VT ratios are shown graphically in figure 5 . There was no significant difference in either group between the readings at 30 and 60 min (P>0.05) or between the 60-and 150-min readings (P>0.05). The individual VD/VT ratios are plotted in figure  6 . One patient (No. 2, Group 1) exhibited a rise in the VD/VT ratio over the 150-min period, but this value returned to the original level at 180 min. Although statistical analysis was limited to the 11 patients studied in detail for 150 min, 7 of the patients were investigated for 180 min. In no case was there any change in the measurements during this additional period of ventilation.
In addition to the 11 patients discussed above there were 3 patients on whom only oxygen measurements were obtained. These patients all fell into Group 1 and in each case there were only four readings. The results are presented separately in table V. One of the patients (No. 6) demonstrated a fall in Pa 02 , although the Pi 02 did fall slightly. This was the only patient in the series to show this trend.
DISCUSSION

Oxygenation.
Bendixen, Hedley-Whyte and Laver (1963) studied 18 anaesthetized patients for an average time of 76 min. The initial readings were taken immediately after hyperventilation of the lungs and ventilation was then maintained at a constant level by a "pressure regulated" ventilator: in all cases but 2 the Pa C o 2 remained the same or decreased during the period of study. Nine patients received an inspired oxygen concentration of 99 per cent, the inspired oxygen concentration in the other 9 patients varying from 20 to 33 per cent. There was a fall in Pa Oi! with time in each group. This fall was greatest in the patients who received normal, or less than normal, ventilation (as defined by the Pa 002 ), although in 1 patient there was a 58.4 per cent fall in Pa 02 over a 90-min period despite a mean Pa CO2 of 35.5 mm Hg. The reduction in Pa 02 was attributed to progressive atelectasis with increased venous admixture in the lungs. Hyperinflation of the lungs at the end of the period of study was found to reverse this fall in Pa O2 > presumably by reopening collapsed alveoli. Further work (Hedley-Whyte et al., 1965) demonstrated that the fall in Pa O2 was only abolished when the mean tidal volume was increased to 7.2 ml/kg body weight, although this degree of ventilation produced a mean Pa c02 of 23 mm Hg.
In our series, using a mean tidal volume of 5.5 ml/kg body weight (which produced Pa C02 levels within the normal range) there was no significant change in A-aPo, or Pa 02 over a period of 150 min. However, the lungs were not hyperinflated at any time and the initial readings were obtained after approximately 30 minutes of anaesthesia. In the one patient who was hypoventilated (No. 4, Group 2) as shown by high Pa C02 levels, although the tidal volume was maintained at a mean value of 5.5 ml/kg body weight, the Pa O2 did not fall. This failure to show any fall in Pa 02 with time during controlled ventilation is in agreement with the results obtained by Askrog and others (1964) , Theye and Tuohy (1965) , and Sykes, Young and Robinson (1965) . Fletcher and Barber (1966) and Panday and Nunn (1968) also failed to demonstrate this phenomenon in spontaneously breathing subjects. Panday and Nunn gave two possible explanations for their results:
(1) Cardiac output and pulmonary venous admixture may have remained substantially unchanged during anaesthesia. (2) Cardiac output and pulmonary venous admixture may have undergone parallel changes in opposite directions. These explanations can, of course, also be applied to patients being ventilated. The fact that blood loss was replaced immediately and that central venous pressure remained steady would support the supposition that there was little change in cardiac output and that the first of these explanations applies to our patients.
Physiological deadspace.
The VD/VT ratios in our series fell within the observed range for anaesthetized, ventilated, intubated patients (Campbell, Nunn and Peckett, 1958; Thornton, 1960; Nunn and Hill, 1960; Cooper, 1967) . Askrog and his colleagues (1964) , using a pressure preset ventilator, found a progressive increase in alveolar deadspace using halothane, cyclopropane or nitrous oxide anaesthesia. The greatest increase in alveolar deadspace was found in the patients ventilated with nitrous oxide, but these patients received the largest tidal volumes (mean tidal volume 12.4 ml/kg body weight). The data presented by these workers suggests that increasing ventilation-perfusion abnormality develops in the lungs during anaesthesia. However, we could find no evidence of this type of change in our patients, there being no significant change in VD/VT ratios in either group over a period of 2y hours. Our findings are similar to those of Severinghaus and Stupfel (1957) in anaesthetized dogs when these were ventilated at the same rate and depth at which they were observed to respire when awake. Again, Thornton (1960) in anaesthetized, ventilated patients found no increase in physiological deadspace with time.
Although Watson (1962) showed a marked increase in VD/VT when the duration of inspiration was shortened from 1 sec to 0.5 sec, we found no significant difference in VD/VT ratio on changing to a shorter inspiratory time. There are two possible causes of such an increase in VD/VT ratio:
(1) The reduction in dynamic compliance resulting from the shorter inspiratory period may cause an increase in end-inspiratory pressure; this would then lead to distension of the conducting airways and an increase in anatomical deadspace. (2) The short inspiratory period may impair gas distribution and so may cause an increase in alveolar deadspace. In Watson's studies, Pa C o 2 was estimated by a rebreathing technique, and the patients studied had respiratory paralysis due to poliomyelitis. Such patients are known to have a lung compliance which is about half that of normal patients (Ferris et al., 1952) . It is possible that the duration of inspiration is of more importance in such abnormal lungs than in the relatively normal lungs of the patients included in the present study.
CONCLUSION
It is concluded that there is little alteration in lung function with time during anaesthesia and IPPV. Although there was a trend towards an increased VD/VT ratio with time in patients ventilated with a short inspiratoiy period, this did not reach significant levels. We can find no evidence to support the statement that anaesthesia is associated with a gradual increase in that proportion of the tidal volume failing to participate in gaseous exchange, provided that the inspiratory period exceeds 0.5 second. It is possible that the failure to show any alterations in the parameters measured may be due to the use of a volume preset ventilator.
